An experiment on hundred wheat genotypes under different levels of osmotic stress was carried out during 2014 to select the genotype(s) tolerant to drought at germination and early seedling stage. Different levels of osmotic stress were imposed by using polyethylene glycol (PEG). Three osmotic stress levels viz. control (distilled water), 15% PEG solution and 25% PEG solution were used. Among the 100 genotypes the rate of germination percentage, final germination (%), root and shoot dry weight, amount of respiration and vigour index under PEG treatment was found significantly lower than that of control condition. Compared to control condition relative decrease in rate of germination, final germination, amount of respiration and vigour index among the wheat genotypes were found more at 25% PEG than that of 15% PEG treatment. However, the seed metabolic efficiency was significantly higher in wheat genotypes under both 15% PEG and 25% PEG treatment compared to the control condition. A significant positive correlation exists between the important growth parameters like rate of germination (%), final germination (%), shoot dry weight, root dry weight and vigour index. On the basis of these physiological traits against osmotic stress, nine genotypes of wheat such as BD-480, BD-498, BD-501, BD-513, BD-514, BD-519, BD-592, BD-618 and BD-633 were selected as drought tolerant.
INTRODUCTION
Wheat is one of the most important cereal crops of the world. In most areas of the world, wheat is a principal food. In Bangladesh, it is the second most important grain crop after rice and grown in winter season which prevailing drought condition due to lack of rains. Drought is a severe limitation of plant growth, development and productivity, particularly in arid and semi-arid regions (Galle et al., 2007) . Seed germination and early seedling growth are potentially the most critical stages for water stress (Ahmad et al., 2009) . Besides the reduction in total germination, comparatively low soil moisture availability results in delayed emergence, a criterion of particular importance in the vigor and subsequent yielding ability of many crops (Azam and Allen, 1976) . The rate and degree of seedling establishment are extremely important factors in determining both yield and time of maturity (Brigg and Aylenfisu, 1979) .
Abiotic stresses like drought can directly or indirectly affect the physiological status of an organism by altering its metabolism, growth, and development. Among these, drought is a worldwide problem, constraining global crop production seriously and recent global climate change has made this situation more serious (Pan et al., 2002) . Plants respond to drought with physiological and biochemical changes. The impacts of drought condition depend on their severity and the stage of plant growth during which they occur. Seedling emergence is one of the most sensitive growth stages that are susceptible to water deficit. Therefore, seed germination, seedling vigour and coleoptiles's length are prerequisites for successful stand establishment of wheat under drought conditions. Simulation of drought stress by polyethylene glycol (PEG) induces drought stress on the plants (Jiang et al., 1995) . PEG-6000 has long been utilized as a reliable marker under laboratory conditions for testing the drought tolerant genotypes which could be a cost effective and still potential approach. With this view the present study was conducted to select wheat genotype(s) for their drought tolerance at the germination and early seedling stage by using PEG induced water stress.
MATERIALS AND METHODS
The experiment was conducted in both the laboratories of Plant Physiology Division and Seed Technology Division, BARI, Gazipur during 2014. The experiment was laid out in a completely randomized design with two replications. Hundred wheat genotypes were tested under osmotic stress imposed by using polyethylene glycol (PEG6000). Solutions were prepared according to Baloch et al. (2012) . There were three osmotic stress levels i.e. T 1 -control (with distilled water), T 2-15% PEG solution and T 3-25% PEG solution. Thirty seeds were placed in Whatman number 1 filter paper in petridishes. After placing the seeds in petridishes, measured volume of 10 ml PEG solution or distilled water was given in the petridishes. Three days after placement of seeds in the petridishes, 10 ml distilled water was added in each petridishes to minimize the evapo-transpiration losses. Germination was counted at 24-hour interval and continued up to the 7 day. The seeds were considered germinated when plumule and radicle came out and longer than 2 mm. After 10 days of treatment, other parameters such as number of seedling, dry weight of shoot, root and remaining seed was taken on all seedlings of each treatment which having at least 3 cm long in both root and shoot. The rate of germination was calculated using the formula according to Krishnasamy and Seshu (1990) . Seed metabolic efficiency (SME) and amount of seed material respired (SMR) were calculated using the formula according to Rao and Sinha (1993) . All percentage data were transformed into arcsine value and recorded data were analyzed statistically (ANOVA and correlation). Least Significant Difference (LSD) was used to compare the mean differences among the treatments.
RESULTS & DISCUSSION

Different seedling traits
Varying response of wheat genotypes to PEG treatment is very important for screening drought tolerant genotypes at early seedling stage before conducting extensive and expensive field tests. In the present study, rate of germination (%), final germination (%), root and shoot dry weight, amount of respiration of 100 wheat genotypes were significantly decreased due to osmotic stress i.e. PEG treatment compared to that of control treatment (Table 1 & 2) . Roza et al. (2010) noted that significant decrease in shoot and root dry matter of wheat at PEG treatment. On the other hand, dry weight of remaining seed, root-shoot ratio and seed metabolic efficiency were significantly increased at PEG treatment than that of control condition (Table 2 ). It was observed that the range between maximum and minimum values of rate of germination (%) and final germination (%) among the 100 wheat genotypes under PEG treatment was higher than that of control treatment. It might be due to variable responses of wheat genotypes to osmotic stresses. It was also found that the rate of germination and final germination relatively decreased more in 25% PEG than that of 15% PEG treatment. This was probably due to depression in traits due to PEG desiccation. The remaining seed dry weight was higher in both 15% PEG and 25% PEG treatment than that of control treatment. The result indicated that PEG induced stress condition might be affected the transformation of seed reserve to available form which was essential for producing seedling organ i,e, root and shoot. It is also observed that dry matter was more or less equally distributed in root, shoot and remaining seed but slightly higher dry matter utilized for respiration under control condition. Whereas, in case of PEG treatment, most of the dry matter remained in seeds which might be due to inhibitory effect of osmotic stress on breakdown of seed reserves resulting lower accumulation of root and shoot dry matter as well as utilizing smaller amount of dry matter for respiration. For this reason, decreasing trend was presumably found in seed germination as well as seedling growth.
Root and shoot ratio significantly varied among the wheat genotypes under different level of stress (Table 2 ). Higher root-shoot ratio was observed in all the genotypes under drought stress condition i.e. PEG treatments compared to control condition. This might be due to the tendency of enhanced root growth for surviving under stress condition. The development of root system under water deficit conditions appears to be a very viable criterion to select water stress tolerant genotypes of a crop because the roots take the moisture from lower layers of soil. Dhanda et al. (2004) reported that continued growth of roots in dry soil is particularly important to avoid drought stress. On the other hand, significantly decreasing amount of respiration was found in all the genotypes under PEG treatment than that of control condition which indicated a lower enzymatic activity under stressful conditions. However, the seed metabolic efficiency was significantly higher in wheat genotypes under both 15% PEG and 25% PEG treatment compared to the control. Under stress condition, the higher value of seed metabolic efficiency indicated the seeds may have higher efficiency to utilize seed reserves for producing root and shoot rather than respiration and/or unable to breakdown the seed reserve resulting higher remaining seed dry weight.
Vigour index
Vigour index differed significantly among the wheat genotypes under variable drought condition (Table 3 ). Due to PEG treatment considerable reduction was found in seed vigour index in all the genotypes compared to control condition. Relatively more reduction of vigour index was observed among the wheat genotypes at 25% PEG than that of 15% PEG treatment. Similar to present findings, Bayoumi et al. (2008) and Rauf et al. (2007) also noted significant reductions in all seedling traits by osmotic stress in wheat. However, among the 100 genotypes, nine genotypes such as BD-480, BD-498, BD-501, BD-513, BD-514, BD-519, BD-592, BD-618 and BD-633 showed relatively less reduction in vigour index at both 15% PEG and 25% PEG treatment and these genotypes were regarded as drought tolerant.
Correlations among seedling traits
Correlations are important statistical parameters for selection and crop improvement program (Baloch et al. (2012) . Rate of germination showed significantly positive correlation with shoot dry weight (r = 0.64), amount of respiration (r = 0.46) and vigour index (r = 0.6) but negative correlation with remaining seed dry weight (r = -0.57) and root-shoot ratio (r = -0.39) ( Table 4) . Final germination (%) and root dry weight expressed significantly positive correlation with vigour index (r = 0.78 and 0.7, respectively). Shoot dry weight showed significantly positive correlation with amount of respiration (r = 0.54) and vigour index (r = 0.81) but significantly negative correlation with remaining seed dry weight, total seedling dry weight and root-shoot ratio. In case of remaining seed dry weight, significant positive correlation was found with total seedling dry weight (r = 0.88) but significantly negative correlation with amount of respiration (r = -0.64) and vigour index (r = -0.65). Total dry weight of seedling positively correlated with seed metabolic efficiency (r = 0.48) and negatively correlated with amount of respiration (r = -0.56). Similarly amount of respiration showed significantly negative correlation with seed metabolic efficiency(r = -0.8). Moreover, rate of germination (%), final germination (%), root and shoot dry weight and vigour index exhibited significant positive correlations with each other, which suggesting that increase in any one of those traits correspondingly increase the other traits. It means that if one reliable trait is picked in osmotic stress and used as selection criterion that will lead to improve other seedling traits for drought conditions (Baloch et al., 2012) . Several other workers (Bayoumi et al., 2008 , Dhanda et al., 2004 , Rauf et al., 2007 and Baloch et al., 2012 ) also noted positive correlations among wheat seedling traits under osmotic or water stress condition. **Significant at 1% probability level, NS=Non-significant RG-Rate of germination, FG-Final germination, RDW-Root dry weight, SDW-Shoot dry weight, RSDW-remaining seed dry weight, TDW-Total dry weight, R:S-Root -shoot ratio, SMR -amount of seed material respired, SME-Seed metabolic efficiency, VI-Vigour index CONCLUSION Significant positive correlation exists among some important growth parameters like rate of germination (%), final germination (%), shoot and root dry weight with vigour index. On the basis of these physiological traits against osmotic stress, nine wheat genotypes such as BD-480, BD-498, BD-501, BD-513, BD-514, BD-519, BD-592, BD-618 and BD-633 were selected as drought tolerant. Table 3 . Effect of drought stress through polyethylene glycol (PEG-6000) solution on vigour index and relative vigour index of wheat genotypes.
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